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inevitably mixed uncompensated impurity in an atomic 
number density of ^1 x10 15 /cm 3 , and vanadium in a 
concentration lower than the concentration of the 
uncompensated impurity. The silicon carbide single 
crystal wafer is obtained by machining and polishing the 
the silicon carbide single crystal and has electrical 
resistivity at room temperature of ^5x1 0 3 Qcm. The 
method for manufacturing the silicon carbide single 
crystal is also provided. 
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(54) SILICON CARBIDE SINGLE CRYSTAL, SILICON 
CARBIDE SINGLE CRYSTAL WAFER, AND 
METHOD FOR MANUFACTURING SILICON 
CARBIDE SINGLE CRYSTAL 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a high resistivity 
and high quality silicon carbide single crystal having a 
large diameter, an SiC single crystal wafer, and a 
method for manufacturing the SiC single crystal. 



SOLUTION: The siOcon carbide single crystal contains an 
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i m m- m * © m. m i 
im&m i i 

[W** 2 ] 

l»IE©*^ffittfc**i«*ffi0s©»«a«l x l 0 1 7 / cm 3 HTT t 5 »*S 1 lcE« 

[M*a 3 ] 

WIB©^^r*tt**»fl|3Ftt*«>ai«J»«5 x l 0 1 6 / cm 3 KTT*5»*fll I- IE tt 

©«fls&*¥lfcgft. 10 
[M»*& 4 ] 

*i«^tt*CJ:56*»« ! n»fJbS»** l ~3 <o -f *u a» \z e tt © ft ft: & X ¥ A 

o 

[flt** 5 ] 

WE»'<ti?!7A»«#5 x 1 0 1 4 / cm 3 £i±T**>S»*5ll^lEttOS<k3****g 

So 

[m*« 6 i 

*TlB«>^^5?fA»«* s l x 1 0 1 5 / cm 3 Ut±t»*>5iS**llw|E*«)jKft^*l|l*S 
[ » * « 7 ] 20 

me© #1 x i o 1 6 / cm 3 &l±x- $> zm&m i iz.mmv>m<tmm)¥-& 

[ Hf #3B 8 ] 

lfflK*»«*M»i:fflffi''<'*-^*A©»«Sg!»*l x 1 0 1 7 / cm 3 «Tffe5S*5l 
9 ] 

«na**i«^<«*i:ffliga^-*-^»A©iiafltss«s5 x 1 o 1 6 / cm 3 KTffe5i3*f 1 

~7 ©v>-r*bAM;:lB*©EHt: & 

[ it * m i o ] 

WE*»«*il**fclfflE'<+S?*.fca>i8flESS*si x l 0 1 6 / cm 3 HTTfc5IS*« 1 30 
[ » * * l l 1 

wimi%<tmmmi$£k<7>mfiiztf v 9 4 3 c , 4h. x»6Hfj)5Si*5i~io«) 
in* a 1 2 ] 

«HB«flS3il*)|ll»»©±fc*#y ^W7'*s4HT?*>5RJ*«l~l 0 © ^ i" ft *» Id E «t © 

k <t m m m m ft . 
1 3 ] 

w * « 1 ~ 1 2ov»f*i4»i:EttoRfl:s**ttitiiDi, w m i> x m h n z mitmm m 

1 4 ] 

tt * « i ~ i 2 © ^ T ;h, (- e «c © ft 3£ if? m ft & *d i , iguf ^iKftil* 

Mft^i^T'fcoT, S^xA©igf©i?;ia;$ii 1 x 1 0 5 Qcmeiffci^ft 
1 5 ] 

tiftfBft ft "0S3C. 4 H . X !i 6 H y * ^ 6 ft 5 »*« 1 3 

xiii 4 id e « © ft s « * ft v * ^ . 

1 6 ] 

mm!%<tmmw-%&'> 4H(D&-x y ? -r / *» e> 4 5 ia * « 1 3xai 4 k 12 & © 50 
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0Hfc & S ¥ & A *> =■ ^ . 
[to** i 7 ] 

[ IS * * 1 8 ] 

IIEj'i^flPgi'l 0 0mmJiJl±T-;fc3»**l 3-1 6 © i* l£ E tt © # ft & # 
V » A * * ^ . 
[|ff*« 1 9 ] 

IS * * 1 3-1 8 0V^fK«>l:GttoKflsSXVtti^x^o|tii:, £*ft3ifitS]gi£/& 
f $ -It T 5 x f ^ •> ^ i ^ „ 

[to** 2 0 ] 

ft r $ = * a , ftft^v^^AjfK, x tt , me>oa*j»flt*rtft$-e:-c4 5*e^ 

[ »** 2 1 ] 

M^A^ttffli-2.#»Wi^A&lcii9^igA^fi)cfi:$-tir5j^ftS**^A<oMitfeT'feo 
fiftteffl1-5*»*tt»©***W»«a*, *ett#*»#J»e*ftftftJ:5S(!l£T?5 0 P 
[»** 2 2 ] 

KE*»iti»1 s ©a**fi'»«*«2 0 p P m|ITT-fe5ff*12 lE«©iftlf|gf B 
[ W** 2 3 ] 

itaf5Hf&±&^f<D^5ff^*rig«;S 5 l 0 P pm«TT-feS»*^2 1 St<OMfci**gI 
Si it # ?£ „ 
[»** 2 4 ] 

iifJf5^g&tttia#.EE;/jl. 3 P a KTffl^iSiS^^il^TT-, Igl 4 0 0 t«i, 1 

o mmu±. i 2 o^pr B i*)^^^-f-5Mft*aasrJSLfcs& v itiar-$>5to*:*2 1 - 2 3 

0VNfft*>i::ett0&ftS*¥l*i!ft«>8ii2r&. 
[to** 2 5 ] 

li& v ±tf^' : f('^ft^^$r*ffi:-r5M^!i!»*$:5fE±5L.fe^^T*. 1 . 3 P a«T©^ 

Stttf^Siffl^T. II 1 4 0 0-1 8 0 O'Cf, 1 0 W &L ± , 1 2 OBtf^*^^^^" 
SH^tt^coMft^S^^Lfc^.iE^^l. 3xl0 2 ~l. 3 x l 0 4 P a CHIl 
fc*gtt#*5gH««frlcR«t&*&Jffli:«ttA«:aa:(S!iL, 2 0 0 0 t E(± CiDl L T ^ ^ 
l*StH*6t5tt**2 1-2 3©^r*ta»ftgEtt©«ftJ£iiS¥*SS©«ii:Srft. 
[to** 2 6 1 

MmW.ik&m.O&.j] I . 3 x l 0 ~ 1 P a « T T' 5 §# * * 2 4XI4 2 5 !;i E «c © jIk ft 
[to** 2 7 ] 

iitj E M ft & S © IE ;>J ^ 6 . 5 x l 0" 2 P a«TT-fc5tt**2 4 X11 2 5 

a * m m a © m m. # ssfe . 

[to** 2 8 ] 

6 ft & « « » lW«2J»tt*lf»S:*«T ft fc«t-*IS#*2 4-2 

7 ©v^*Lj»»ft8E«©#ft3**iS*©S*j6#8s. 
[ X 9! © B SB ft n 8! 1 

[ 0 0 0 1 ] 

[ m. m © a -t- 5 s «? «■ i? ] 

# » IP! » . ffi*2fet^©^ft^«^SA, «ftS**Sft^3:^a05 J t©Siilt*tfe!iHt-5 
4> © T* 9 , » - ffi IS1*t'W xoS§|;;il|Jh5, £5 IS A & S © & ft £ at ¥ 
SS, &ft£ 5S? ¥ «S A £ * ^ ft l* t © S it # i£ ft 1" 3 t © T- fc -5 . 
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[ 0 0 0 2 ] 

m it m m ( s i c ) it , E9!»{taof«««iM«*ss5<. *?>»-»»aii='b»v^offi^ft. 

ilW, fl:*tt»tt«:S%U, Sg«tt*«ft#Si LTa@$jxT^5. $ , ifi ¥ , 1? 
& *» b m 9V iz *> it T <o S ft ft # 9* -f * . ftfflttffiB?EqZ-7-7''<-<r;*«4>£;K#fl- & Lt 
. S i C»^S«fgi!iiiloTV>5 1 SiCI|lJ&A«>¥tttt&IF'^e>J£JI!fc:l3V'>Tr*. 
*35Si£Wt-3ii5&fCcoltiigA^*£>ib;}x> ^FiciS^ftx^^^fflSS^roffli^-Ctt. S 
£ © A ff lz tn z_ X . iHv^aftfiStSrf ti: i: t*»5>itTV^. 
[ 0 0 0 3 ] 

^ & < w*e£g*©*«T?tt:» m *.t£&mnm&m ( u - p - * ) -c^jefra^rofesa* 10 

*T f£ ft D" ^ X © S i C¥iiA«:»T^fc„ L U ft tf* S> , r <T> % ffi T* ii , # <b tt -5 M m A 

© b « a* * s < , tcTfs, m ft , 3&i;:ttttA#ji£^*s84fe**yr»&© 

T-ttft^. ft¥tt*B/£ft?£ (CVDS) ^ffl^tll (S i) f ©S15I±I^ 

^titv^. r o^STli, ^ffi«»*esu#f>h,5^> S i t ©»f ^i^«5» 
2 0%t>fc5ri:^(CJ;t9^<coXli!6 (~10 7 cm -2 ) ittf S i ClgilfrfiSS 
f , BSf OS i C^jSISrflSr tlifSf'iV^. r tb h <n> M & £ 

u-y-ft*s»3B$*trv^5 (ififFJii) . c<oskfiu-y-«feSrfflv^ff, s i c 

*Sfi©efi#f 4HS>. 1 5 R §L m) RlfiMik. * + V T MR t>* ffi & Sr <H 20 

fcP L ft t}5 ?> , S i C^ifilrSfiJtSriiiftS. 5i ft . Kfti^-y-Sfe-CfEMLfc 
S i C*8S^t,Pg2-f yf (50mm) *>t)3-f yf (7 5mm) <D S i Cf 

[ 0 0 0 4 ] 

— -fs , ifi¥, ^/ift^^tt^'W^fflfcrntL-c^ y = v (s i) ^ >tr y •> ^ at ^ (g 

aAs) £9tffi;frfc#'tt£f$o^ft;tfy£A (GaN) |:S S i ! * S o t ^ 5 (##ff 
tS2) „ GaNf'^?Ottgl:3bfeotli, f»I O ^gi S« ± I: G a N O *g S 
S«PJSISr^/£i-3 <£> S « <7> — o t Lt- t w Ic t 7 r T Ifi *s & 

aNiOlf^giiSl 3. 8 % <fc * £ vx x (O ± iz & & £ ti Z m %i <0 & & '£ Ik $: m 30 
3§ L ^ < , * fc . ^-jS^** 5 0. 4 2W/cm • Ki/hJ^fc*, T^Wxfif^BtOiifr 
^O^T-t.raM* s &?), t7 7 'f7Sgli;isSJtl5GaN|IS7^-f ^11, A K , 
iff»tt©jSl?G a N**OttftSr + »K5l§IULT^5 ilif t4v^w*«?l«-C*)«. 
^ *x ic *t L T , S i C*gfi(i G a N i f SSi? 3 . 4 % t /h $ it » , ft ft ft G 

a N ,10 ^ )F2 «T |g T- & 9 > m^m-m h 3 . 3 W / c m • Ki*#^»T'#*P3!l^<bi«< 
. t7r-<7^fflt*Sti:tfc«LT*(i4GaNf^WxiO#t|Sl±i!Ii!)5C t & 

[ 0 0 0 5 ] 

ffli£ L1tm&<oM mfcr x fcm lz$s\,^x l* . ^ A <t> a a (c tin x. x . ^o±!:ff®$ti 
5Sf^©*£^il{£££iiS^ffl#81tf>fcit>i;:, SS®«ftf ft (5 x l o 3 Qcm^J: 40 
. iiKitl x 1 0 5 Qcm«l) & & W ^ *J X X' $> Z> . 51 ft , rcDi^ftSiCisiig 
ft -3* S t£ Ii . ("IM'Ojaf S iC¥tt«©&*9#*tw«^*ffifc»riii--5iJ:l::J:oT 
, Hftll#?jhTV % 5. 03 ti , -7- * A (i , S i Cgat-e Kt-XUT^t/^ 
-©fiIii«>5Rffi|-et«VNipffiS:Jgj«L, ^ g 6<3 !c £g A lz. & 9 i& £ *t 5 S Vx Kt-X!i» 
v^T**?'*— *«sS*«:llt«LT. »AS:i««fit*fti-S~i:***ne>^rVN5. ft # #j !~ 
tt, #J;L!i\ ( # *F* 3: iSt 3 ) tfli8©J|.S»J!SAi6!::*sv*T, OR ft t ft 

S i C gali* * '< "7" ^ ^ & 5> ,-4^-7- v> ^ A ft ^« (^ft^, Kft^, ^ ) * 

^ * $ * . S i C m K i * !' # * * * 5 r fc != i 0 , ^ 7" 5? » ^ }B t3 S A 2 s m h ti -5 . L 
*» L ft a* <b . roi5::LrffSi,fcs i c^JSfis, iSS6i$*tt5 t©©igsas 
* s S < . £ . S< g S 42 Sr *T i" 5 irS A S3 % !i 5fe ft g§ A «P » @ J6 T S o ^ It. «> ^ t ft o T 50 
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5c m <o s *n k ± o r ii $3 it a b . e»«srn»d*6pjgjcaik$*T, 1- & *? a m <o m 

£ o L ^ L 4 *s & . T^t/^-TcSIrS i C j£ A * & if 4 ffi S lc ffi » L T % *D "T -5 ^ 

tell uv^ftf-c* $> site, #*««a8H£*3v*ts i cgii^iAt^^M^ii^ig 

» . - ft j£ fi 4» J- - ffir & ffif * - ^ - §e it -t z> r t a* # Wc , S i C*^ B R a^ 

, fc'5V^{j:T^ 7 ir^ p ^ — tt; ^ <^> ii 8 ^ ifl J: o T S ^ ^ H S ^ p ^ i 4 9 , + £ A 10 

i^<£ -5 ffi fK h us ^ s v^ofc^sii^pfi f9 ^ ~t~ „ m^m^&mh, iSftfnH^^ao 
t vn o s; ? a a* *d ^ a <d # st w * n m * m + 5 t> <e> t* 4 v> 0 

t 0 0 0 6 ] 

v? A <£> S i C — OOH®(S#H3 — 5X 1 0 1 7 / cm 3 H ^ T* $> 9 , £ A <D 

( #N 4* ff * OR 4 ) l;fc5J;5l:, tff ttSfip n pf^ 
i£ T i~ 5 t 5 (HI B 4* £> £ . ^t^!> A»jDiisroi 5 41ft x**]B$ti5 r t t fc 9 

[ 0 0 0 7 ] 

(£±oTSA#B!lgffi^ffc^5rifc&k;ft,-cv^ 0 riitti d, ud-i, fc b < * 20 
fiiif xwt*-^fc h? s/^t5feftt#*e>htv^ (Wirt, (##wiS5) , 

( # 4» HF X » 6 ) ) o L ^ L , ^ ? tT?#bti5i§ifii$¥SiOp B nS^, ¥-m&ttm<D 
i^V^^l^^rf^^, t T ^ (D ^ 5 T* 5 o 

[ 0 0 0 8 ] 

I 4* ffF * S* 1 1 
^S¥ 9 - 5 0 0 8 6 U^S 

[ # 4* fF X ft 1 1 

Yu. M. Tairov and V. F. Tsvetkov, J . Cry 
stal Growth, vol.52 (1981) pp. 146 — 150 30 
[ # m ff X IK 2 ] 

Rutberg & Co., Gallium Nitride:A Materia 
1 Opportunity (2001) 
[ #4* ff X ffi 3 ] 

S. A. Reshanov et a 1 . , Materials Science 

Forum, vols. 353 — 356 (2001) pp. 53 — 56 
I # 4* ft X « 4 1 

M. Bickermann et a 1 . , MaterialsScience F 
orum, vols. 389 — 393 (2002) pp.139— 142 

I # 4» ff X » 5 ] 40 
M. E. Zvanut and V. V. Konovalov, Applie 
d Physics Letters, Vol.80, No. 3, pp.410 — 
4 1 2 ( 2 0 0 2 ) 

[ # m ff X St 6 ] 

B. Magnussen et a 1 . , Materials Science F 
orum, vols. 389 — 393 (2002) pp.505 — 508 
[ 0 0 0 9 ] 

I«?l#8ftLi 5 tf5II] 
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^t^>) a«^©pi^^^is i ) £<obfi!,<-r?>!&m&hz>. -r 4 *> . mm.tn,m<o 

S m S. ( 3 ~ 5 x l o 1 7 / c m 3 ) /< v? * A S & Sr ffl L * !t *t if 4 

t458^ l b#<. HaoftftltffSeio^ftft^to-CJbi. * 6 . 5? * A 

ft (-.fco-CritfiLfcS i C»ft*!S^^^^Aiaiiei9Jffl»BR||L«:jH*.5«HSi 
*ifio^^ftig^Tt/j:5S«i:j):4i;5. Z <D It & ^ ft & <o -T i? V J* V&tia1£ & li 

ra iT-feofc. io 

[0010] 

- * -C . *t !/ T^M*a«S:ftT**TS i C *fti©i5fiR* ft ilfiit 5 C 14, fti 

ft £ S * r K v> u ^ ^ £ r- £5 fi ft -r 5 ^ a* fc 5 „ : © fc * , #S4ifiottffl<oi, 
iaia^fif otft^^D t,£.ii/iotv^„ r *t tt => ^ h to (c ^ fij r* 9 , £ 
, ifi*o*iteftWJ«Sci:H:-<-C*«ril*«)f6!|»*s*L<JBUV^fc» < & W (O ffi ft £ ft 

f>*l/iV^ *5 Fnl Iffcofc, 

[0011] 

* 3§ 91 !2 . tfre©IHJHj&$:*2feL. *fift*TJSfifi4*PSS i C * if£ ft . S i C * e 
[0012] 20 

it z ic & % m <n 1- i? $ & to m X- m ik & & t&tt m it x- z . m & w *» o n e 45 4 s 

[0013] 

(1) »A"^5**lfl5;FSS«&«:IS[*-«««-?l x 1 0 1 5 / cm 3 
[0014] 

(2) IWEO^:pISW4*1ll«5F«««)»«**l x 1 0 1 7 / cm 3 »T"efc5 (1) 

k e «t <d m. it & m m m ft . 30 

[0015] 

(3) WE©*pJiBW4**&«*:«»<o»*as5x l 0 1 6 /cm 3 HTt-feS (1) 

is m <o m it m m m m ft . 

[0016] 

(4) IC i Z> fct&M *» n B X' fo 5 (1) ~ (3) CD H-f tv^lc 12 i» CO £*ft 
3£ * * 1» A . 

[0017] 

( 5 ) iEW^tv?!) 5 x 1 0 1 4 /cm 3 fi* ± T' $> 5 ( 1 ) 12 ® CO £*tft g 

^*^ft„ 

[0018] 40 

(6) iSW^t^? AgSi5 1 x l o 1 5 / cm 3 fit ± T- £> 3 (1) t;: 12 « CO K ft S 

¥ « ft . 
[0019] 

( 7 ) StflH©^-^^^A{a«*si x 1 0 1 6 /cm 3 U ± X $> 5 ( 1 ) 12 *2 CO jg* ft S 



[ 0 0 2 0 ] 

( 8 ) mum®&**Z%i bffi15.'<-1- i? <} J*<om&m& I x l 0 5 7 /cm 3 gt 7 t' 5 
(1) ~ (7) cOVNT^^-|2*3co^ft^*^Sfto 
[ 0 0 2 1 ] 

( 9 ) fit 35 * *i fiB * «S % i: It 22 /< i> ? A to £ £ H *s 5 x l 0 1 6 / c m 3 fit T T- h 2> 50 
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(i) ~ (7) (D ^-f*ta>ic: ts. ®<o&at mm 

[ 0 0 2 2 ] 

(i o ) tftm&mm^&i® trnti^-t- ? t * i x i o 1 6 /cm 3 &>t-qs> 

3 (1) ~ (7) OV^-f^*»l-BB«i0^ft3^5R)|Hgf*. 
[ 0 0 2 3 ] 

(1 1) ffrB^fcg**il£ft<0£fc3#y*-f7'tfS3C, 4 H , XH6HfJ)5 (1) 
~ (10) WV>-f^AMc|2«O^^S«*i^A„ 
[ 0 0 2 4 ] 

(12) ilERfti**jSfiO±fe5#!l?'f ^4«4Hf*>S (1) ~ (10) o^f 
tt ir E 4ft © « ft S iff * M ft o 10 
[ 0 0 2 5 ] 

(1 3) (1) ~ (1 2) 0>V>-r*ia>l£C«t«>ttfl;£«J|L|&Afraix. W St L T W h ti 

± t- & s ft m m ¥ Mr ft t> ^ <~ . 

[ 0 0 2 6 ] 

(1 4) (1) ~ (1 2) ©v^*taMcffiJ&tf>«ft3**»ftfcani. W * U T » ft 
S^ftSf *gSl)i^T-foot, i!>x/N«iiaf©f Ififiif l x l 0 5 £2 c m « 
-t-C*>3«ft & i ^ . 

[ 0 0 2 7 ] 

(15) iS^ftif »^^!7x^«S3 C, 4 H , XU6HO»-#y ^7 , «>t>45 20 

(i 3) x «: (i 4) {ztEm<z>6H£m**-#av 

[ 0 0 2 8 ] 

(16) iffi^ftS*»ifea!7iA^4HC*-#!) ?^fy^5,4 5 (13) X «t (1 

4 ) !- ie « © ft m m m m ft c » ^ . 

[ 0 0 2 9 ] 

(1 7) iE^x^OPi^S OmmRiffcS (1 3) ~ (1 6) tf> ^ -f *V rt> E 
[ 0 0 3 0 ] 

(1 8) BfjE^^-^On^^l 00mmfe(±T-$)5 (1 3) ~ (1 6) W V> -f *t E 
4ft©&flS 30 
[ 0 0 3 1 ] 

(1 9 ) (1 3 ) ~ (1 8 ) ©t">i-*t*MiE*©jRflsS*Hifeft'J'*^«>*ffi^. £ ft 

* & £ X t£ Z> \? 9 * U \ /V $ ^ . 
[ 0 0 3 2 ] 

(20) (i 3 ) ~ (i 8 ) <d ^ -r h is « » « ft a m m m ft * ^ ^ © « s tc , s ft 
# y ? a s iikr^^^A, ifc^- vv*') Xii. 

T /£ 5 ^ f * ^ -> ^ ^ =. „ 
[ 0 0 3 3 ] 

(2 1) aJg«*ttffli-S#*SJI*«ffilwJ:tlJilJgftS:j«ft$*5R{ba5RJ|lS*o» 
iSat'feoT, #f fit Lt^ftif i^t-/ 5 ^ AXIt^tv'^Aft^tOl^tl^ffl 40 

£ T* 5 0 P pm^TT-fc^r £«:4$«i:-t-.5«ft3g5!S]JlifSft©ai{ii#ife. 
[ 0 0 3 4 ] 

(2 2) lHIlE»ffiitJ»«f©ffi3*#Wa«:6*2 0 p p m « T T* fc 3 (2 1) ffi « © £Mt ft 
lSI¥^ft ©Sit* ££. 
[ 0 0 3 5 ] 

(2 3 ) m e a » *9 *a ~ © ^ * ^ * a u & 1 o P pmaTt-fos (2 1 > e §2 © ft ft 

!H**Sft©M;tf8c. 
[ 0 0 3 6 ] 

(24) E m m iS i% tA » EE ti 1 . 3 P a KTO^iffitf^giaTf , fill 4 0 0 50 
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°c&.±. i o b# m # ± , i2oi*ra*i3«#i-5SSfbi&ss:i6Lfcia<BJ#ja-c*>.5 (21 
) ~ (23) <o^-rtifriz&®<ofc<tmmmi&£k<o®imijW;. 

[ 0 0 3 7 ] 

(25) m&w®*!zfcfcm&*±fotirzmn®3iZft®Lizftmx^&t>i. 3 p 

aKTC^gtt^^ilHT. Ill 4 0 0 ~ 1 8 0 0 1CT-, 1 0^f B 1W±, 1 2 0^^ 
*j»««fi-5m»*tfl»©*fift;*aaS:JSLfc«,£E*«:l. 3X10 2 ~1. 3X10 4 P 
a !; kSM Lfe'pgtt*'^ Si^ 4 1 I; SSiSit^ t SSS ?r^E 2 0 0 0 °C HI _b (c *n 
LT*»t>Sftri6ft4:BB*fei-* (2 1) ~ (2 3) ©V^TixjMclBttOfiHtSaflllJSA©® 
3a ~)3 Sfe o 

[ 0 0 3 8 ] 10 

(26) WlfS.mk&mtoEEjjtfl. 3X10 - 1 P a « T T* fc -5 (24) X ti (25) 

[ 0 0 3 9 ] 

(27) tfit5,&Zitmm<OE£ti & 6 . 5x1 0 ~ 2 Pa^TT-fcS (24) X ii (25) 
[ 0 0 4 0 ] 

(2 8) mitmmm. mmmgatim* usst s r t * < ef B fi£fitftt -5 (2 

4) ~ (2 7) <©^-F^a»»dE«©« ft 
[ 0 0 4 1 ] 

*i?i©s i c * it a 14 . * *t f» * m *fo (o m a \z m tc tz m $z ± 0 t » 5 a> 1- '> * ^ s 20 
ro^^v?^AT*iSfigt^-fk«:5imL.Tv^5. '< -r v a t mm& & Bfc ri 5 fi5 &t iz S 

iSSSt^-fiiSrlimi-srt^^tgfc^ofc. ax £ fig n# d , n^tif lv> 

* * «t in £ lei m ■V * T ^ -5 . 
[ 0 0 4 2 ] 

5 i 9 tll5*>lc*t4j*S'J'ia*a s ?l5>)HT^5^Ci!)5. * 3§ 91 d J; 9 , & 3t5 & ffl T' 30 
IJ*lT-#/i;i>ofc, iS5 m. tn. * t !g A p°p « cd ffi & rt 5 ^ 16 i: * o „ ft , * SI W (4 , flfi 3& 

[ 0 0 4 3 ] 

[3§01©*i£<Z>J£jjI$] 

*«WOS i C A CI *5 T . tifi^ltfjiOiSli, 1 x 1 0 1 7 / cm 3 HT, $ 
ib!:» 5 x l 0 1 6 / cm 3 HTit5:H51SLV\ /<f i? !? A ©gS<DTPlf li , 
5X10 1 " / c m 3 « ± < S £ L < !2 1 x l 0 1 3 / c m 3 « _L . ^!:IJL<ai 
XI 0 1 6 /cm 3 JW_tT-fc!9, ± PSfit (i , Btri&cO^Mfi^FM^COigST'fcSo S iC^ 

Z> « ^ tf* 1 x 1 0 1 7 /cm 3 SOl^, H<», ^t^^AOiS# 5x 1 o 1 4 / 

cm 3 \z B tt v> » -g- Ji , ^^ffi^i^t^^^^Aco^^jam^^M^SrtJffii-SST-i^ 

A<-*-S?*.kia«i:<DiaSSS«r, 1 x l o 1 7 / cm 3 HT, 1H< 
!4 5 x 1 0 1 6 / c m 3 W T . $f 3 ^MSU<!4lxl0 1 6 /cm 3 «Tit--5ri!c 

s*iafi«ri«aa*ftTf#«. * ft a t ss & a a o ^ r 4* :~ a & l tt ^ a* , s i c © 

ft*«J<C^«S4»a:, Kt-S«ffc5l|Tl)>), #*WIS«&8t!-.i:i9SiC]fliS««r8? 
it i" 5 & , - & W iz A fi U fc IS A <z> 5i * j£ a n j$ i 5 r i ^ s # v» . 5Sg^ P g;:| 
^Li 5 ttSi^S, S!v8^7y>?=!>Af(07^t/^-7ci?:S i C * ^ S ^ *3 50 
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¥»fi«rfiigr5^iiEIBT?*>S 0 >fc 3£ ?3 !^ 3o T a , e*»*P«lc2Eft-t-5&I?a* 

< , **Ba»ii, n s i cgfli:ait5o^i 9^^,t'fc5o «#aw<0'<-*->>!> 

AJiJ:5SgS^ft^{4^af ttt^LT, # « W S i Clgilit^^t^nig 
-C 5 fc » , S i C^^bI^ b & & T* '< + is $ 2* & & <D ffi Iti & t£ 1)^ X a s *f 

, # SS W ft $i? a , ft M £ '0 i> IK '< + is $ J* co igil -c £a A <£> K S St ft pj fg 
ft fc «> , S i C*8ft>f y^y h^5>jttlSji54tOjrx^, *>U<Ht,*»»©!> 3 : 
>^ £: 5 x l 0 3 Qcm^±, M£L<aixi0 5 QcmU±(Dmi&iji^ J }^^b'tZ>^ 
HST^S. # 38 W <Z> S i C * £g ^ a , Sftr^-f ^^ffl^f ^ft^ T v^ 3 C, 4H 10 

> 6H<OV^-fiX£>#!J ^^^T-^®i£^#ET-feS^, ^ (O ^ T* t , # f§ * # 

a* W «p $ tt ft a* ^ pj ® #j ft ^ ^ ^ a? ^ v> , 4H^y^-r^(^*^p^ft^^iSffli-5c7) 

0 ft $ * ZftM-r % tz £><D S i Cfigi^ hiUtt, K>f lUy^y h # 

ri* — # y ^ ^ ^ T * & 5 # s tt # v > ^ , > =/ y h co ± 5 y ^-r^^rml^o^!; * -< 
/ovNf jx^tt^r 9 , ¥ — # y 9SriS<t5rt^t^5 

o j'x/MOPlCo^TttWlcPSS Sh5 tOT'tt4v>#, * # W a * K — ^ V h a * <£> 
ffirt#*ja*:*;#<fc9»v^ *PS^SiC*jie*l2:43VNTWlc^rS6-e*>?), « ft n 
1^5 0mm^±, «r I- 1 0 0 m mR Jhi^S^l:* t 4»*)5^ 6 tl5 . # 38 W fl> S i C 20 

*»ft?x/Nii, iSv^sSp n p«^^LTVN^>cor^ flb ft? jq & & <o ffi 

v^ '< 4 x - <D m M & *J m T* fc £ 0 *»Wi>x/N±i:cVDft«l:J:9 s i C^Sft^J^ 

Srii*LtftS^5xf^^v't^!)x/N, & 5 v^i % ift^y g ft r ^ $ — $ 
a , ^ ft y^nxiuii^fift^»i^xe^i/t^i*ftiTi5xe^*'>t 
/n> ^ ^ a , sfiifts s i c ^ ^ *s a tt a* a $? ft fc , ffi tt w (»m<o mm * 

7 * n i? - , iM#tt, * ) Srtt5J;5l:45. 
[ 0 0 4 4 ] 

**i^S i C*8l?:|gt5f:J()l;it -J- v? 9 A & JS ^ g ft ^ , ft « ^ <0 ^ ~f v> 

»i8*LT#IS«*Sl:ioT»i6t5», gE*D^*MSW^*SSrfflVNS r t^T 30 
* 5 o , S i CI»iltli, 7f?IS<DljS»fc{fcffl + 5r*tfST-S5 0 

*©Eia#IBJ:4S. * 38 9§ # S> a * ^iS^fiST^fitfcS i Ci|l*tA<D«jg«iE 

cmitg*S:«i6i-5#<&a, ^fSttifxigifeiisc j;5i^TlittgS^5 0 
Ppm^T, 3*L<a20ppm«T\ S6l:IiL<lil 0 p p maTtfcSIBUt 

i®Srffl^£rM;:J;9, & s i c»8SHi«Jti5i-|^ftgi, s i c * « 

a^*?lf ^F^ftagSrfiT^-frS r t ^x*# 5o * fc . 5 ft K a 40 

> ^&it^^||^TT\ i^f 1 4 0 0 °C ^ ± i: 1 0»IBH±, 1 2 0R#[HJ*i»fi&«fi-5 
« ft i&a*:»»#« i: J: 9 »| ig -e * 5 0 ^<oS<D^«&#*#[g!McOI£;*ja 1 
. 3Pa»T, IS Klil. 3xiO _1 PaWT, £ ?> d M * L < a 6 . 5X10" 
2 P a T t -t 5 o tt a IB !w ± iR a 4 v^afl* , & 9 JE *s 1 . 3Patfit5*, t U < 

fH ft L , # ^ S i& =« * h © A "Cr ^ P y h ^ ± D 5 e aiiMSCo^T t#!:iSJi*v> 

kl a a ffi a* 3 o o o c c a ± 4 5 t , s m s co s ^ « co -e a m t* h 'o & * u < 

*#*.!B*f«rSaLfc«tSaT, ^ ffi t± ^ # 2 M O EE Jj & 1 . 3 P a BIT, i i l< !i 1 50 
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3X10" 1 P a £kT . H!:IJKtt6. 5xlO~ z Pa«Ttb. 1400 °C 



El ± , 1 8 0 Ot^TWiiST* 1 0 ^mSX±. 1 2 0^|*a»)lt5: it. I 
(Otfifc&m&ft b . r © i £ , B£^j*si. 3 P a Sriiti ii5£ftMI* 5 ^$WI:ff 
. JaSifl«j55i 4 0 0 , 'CEiTT''t,^!it?^ft^a/45^,^«,^tTx-f, - * , 1 8 0 0 °C£ 

atit. &a{b*aaf!ii!tfi^fi**5i*6$ixr*iSftS:**LTU*v^ si # « < s i c 
¥ISAjftft:7ni;xTjE*fe)|LttAjftft«s%a-T*#ttv^ r © *8 ffc 4& a l;: 91 # « i^ T , fife 
ft & * A » T X S3 & -k u -f , ^ iS # * Bb ^3 & 1 . 3 x l 0 2 ~ 1 . 3 x l 0 4 P a Iz m S 
L- , 2 0 0 OtH±!:flliLt^f>S i C « A«ft S: *Kt 5 . Sfi^lit t UT, # 
d ± H i* £ * ft v> *s , 3 o 0 OtKli'iSt^I^BoS^ttroiTraatf&t), » * 
U < ft . ft *s . i&rofcfifl^a&s i C»*j*ft^n-fc*t::aa*i&*-fj::ff5»-& 10 

jaiO^-l^fiTLTLi p. «iS^roitfl®5r^:^TI-^SL-ftV>J;5!-. ^FStt**^^ 
*«UfcSfS^B-'^jK3'^^rt-C#*llR»ro*««E©iJi«S:fT5 r if, g i$f co S © ^ 

[ 0 0 4 5 ] 

[ m m. m ] 

[ 0 0 4 6 ] 

( ms #j i . tfc ©e m i ~ 3 ) 

g!| i£ #J 1 £ «>' it #J 1 ~ 3 (4 , i 1 WSi^fi^E^f ^TfiilLfc. IgliLT, P 20 

6 5 0 m m © (000 1) E£^Lfc4Hi£-#y*^:^X«fiK£;ixfcSiCmigiPB?^ 

^iiaifc. i^iia, m®mm 4 (oftm^&y tttt khz . #$1^2 t lt, * 

m m 1 t Jt t9! #1 1 o V^ X , miSOS i C8ii*t^ti?l>Aft^tirol^ft!:f « 
L fc „ /< 5> * A fls « 14 , /<tS?{'AJSfftSTfffiRSSfi1'OBft»j!*S 0. 0 4 2 % 
i'iSi^I^Lfc. tfc«W2ao , 3l:o^Tli 1 **«»fcLTifjflR©SiCtt4©:* 

^ L , WTI-^i-^n^^X^&fiJcft&'fTofc. 
[ 0 0 4 7 ] 

mmm l iJtfi«3l:o^Tli. ^S)l#l^aw^{t;^!^! ! S^Sr^tp^Sfi)c;ft7 0 D-fe^^ffi^^fc < , 30 
^©rtittti(Ol>)t*fc5. St. 5©rtSlil;l. OxlO~ 4 Pa*}l£X^£ 

m^^tcm, S^g^Sr^!tft!ise>!7-^=-f^8^«dftS:iSb, Jti&ttfifl&g£Mft4a 
liSt-fci 1 6 0 Otifilffc. ¥^f©|^S!E*/4 s -e6<)l:i. 3 Pa« 

±lz±%-^tcfr. i&«£{£}$L 5$ff ©rtS!E^j)5^ft«ia)i^-efe5 1 . Ox 

io~ 1 p aaTi^iSit-a^ft^L, t&ia i p»^&E!^^*i^*sa ! asriai^bfc„ j&i 

H# Pa ti 4 8 R# ffl X 5? . 'c<om . «!:Rr2ISiiSl U^IJt, 5 35 © f*J 385 BE * !4 
h'I j£ w fig i >? {£ fig *s & J# $ *v tz „ it J*S && it 4a S -6 s n& T & . #1^,*'^ i Lti?6S9 9 
. 9 9 9 9 %K±©i3^tSA r MH i B : 9?r^brAr#^.ffl^^7o-3>'hn- 

7 1 0 X' ffl ft t- ft j»* oft A $ * . ^^^F^EE^&fiJcftEE^XfcS 1 . 3 x 1 0 3 P a !C 

*ffi*i»ia«t ISiaS-efci 2 4001C*1?±#**, J tro«*5l2 0^ra* 40 
ft £ & !* . r<D!S»ltl®F*g<Z)iag^Ii2.'414. 5 ~ 1 5 . 5 "C / c m X , fi£ ft jg * !4 $J 
0. 8 ~ 0 . 9mm/^t*fcofc. # ?>tlfc8I© PlttiS 5 2 mmt', 1 
W $t A tf 5 1 6mm, it #J 3 © i*£ fa 7^ 1 7 mmgSffcofc. 
[ 0 0 4 8 ] 

i otiSS^ft?:ff ofe, -^cort^.'jytc^ii^XfcS,, i^foftSS;!. 0 x i o ~ 4 
P a $ X n £ fil L , «SS 9 9 . 9 9 9 9%St-h<OS$S&A r # X £ g* A L , 5 £ W 
ftEE^fcgicftEE^XifcSl. 3 x l o 3 P a !:g*><i:#^ 7 - ^ = 8 i:lS5S: 55 L 
. ,m it ig S S «r 2 4 0 0 C C * X ± # $ * It . tof, 2 0 ^f TO fife ft * It fc . r <T> ^ 
©j&iSF fe :©iia^iB;4 14. 5~15. St/cmT', ^SlS.lgiO. 8~0. 9mm 50 
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/PfT-feofc, »f.tlfcg|ORilill52mmt 1 &£{iifctt#)l£>ig,fMS16mm, 
[ 0 0 4 9 ] 

l/Jt&0>J3i:|f3;Bltf>, Ml 6 0 Ot, 1 . 0X10" 1 PaHTT'48lffl«St 

5 S3 fls & m & ft o fc . i oil, M Si it 0. iz # * jft & it % m L o fc . &Cfc & £ 1ft . m a 

» ift e # m ft t* fflij ^ b & . ao ^ i* & © ± 5 k tf o . * -r . » w m m rt © ad gn * « i= , « io 

»tr»*L*V^*tttT*a8lEtr«Eb, *nS»ttf«rt«»Sr2 5 0 0 °C SI ± <D ffi iR'Jfcm t b T 3 
0 ffrlH « 8r L . an*ft#«*ffi^*atfiS©**fi*Jfc*«rlfc*L. ®J 5t £ Pal £r + # its 6* ft 

SU^&SSLfc^tKJ&^anS&itfiSrt^^f&S*, it ft SB £ 2 5 0 0 t Sk _h <0 ft i& # fig T' 3 

0 S> H! « £ L fc . r»*«-eK»ff*>e.*4t51*«r^!l ? A * -v y T # * £ o x JS 
S U , :ol^#^«»6ISIrl^t5:iiat)ligII:ft^lfc, ffl'J £ © 31 , 

^ o ^ r t> ^ © & t* ®j ^ £ *t ^ jpk f *it«ii«j 5 9 P P m x* & o fc 

[ 0 0 5 0 ] 

r 5 UT»e>*ufcHflS0i|lXtJtJttt«»Jl~3<OS i cmi!SfiSrXj^iatffat>*7^V»gL(c 20 

i^glfc:i5:SiT'lfe„ iA07«tt9S i: » gi * * fflJ ^ f 5 B ft Tf , j£^L/c«£ 
M>5>f$ 1mm, P15 1 mmO^iA^aft^lLfc. V ^ ^ (O ffi & 
tt (0 0 0 1) I-^^bffei. fig A |jf A © _h SS , <P SB > (18Ii5«) ffi 3 f 

5 £ i ^ (^^^ixlIjgftWjSgMi&ffi^k^i^JSEiX'COBgfitX*, 1 2mm, 8mm 
, 4 mm) f O^t-^') AiSgi^rMftigllr, 2ft^f tyfft^ffffi (Second a 
ry Ion Mass Spectrometry, SIMS) £r ffl X SI S L . R 

G. Wilson et a 1 . , Secondary Ion Mass S 
pectrometry: A Practical Handbook For De 
pth Profiling And Bulk ImpurityAnalysis 30 
( 1 9 8 9 ) l:itllf , ^t^no»#fl;o^Tttl. 5 x 1 0 1 4 / c m 3 <D fflij ^ T 

is # w ?> tt 5 . *&wizte^xi>~fiizm$zistcxmx°ftffizfti<^ y< -r v v a <d mi m t 

KIJ5 x l 0 1 4 / cm 3 *iffcofc„ #!)i/M?)iSfiS$liVa n der Pa 
uwSi:± ± © # *f I- ± 9 . *l~4^S%ffe**s»feixfc. 

[ 0 0 5 1 ] 

JS 3SJ 1 (tl) ©SS»*li^f«IS!i, 1 . 6 5 - 2. 2 4 x 1 0 1 6 / c m 3 
X & -5 . ^FM4feW3t^^»liK^--5c*-efc5^*r-fci9, ^JEfeil: J: SfiWlinf f& 

mmtitt&tomik&miz. x 9 , itt^^ji^jte^jstitecUT, wi:^-/^? nit-ros 

* a ft © T # S L *» o fc fc * , *ffi«*$S«Ji8*'bfiTLfc. '< 5* * A a ft !i , ffi & © 40 
*«S^^EftSSi 9 t<S< , 3. 99X10 15 ~3. 87xl0 ls /cm 3 X&5 

<, iStiSHtic/gixx^*. -era — iSS!~Tf!»it0^i^|ifeV^T, }g in * (3 1 

0 1 0 Q c m «_b £ ftV^ 
[ 0 0 5 2 ] 

it m i ( * 2 ) a , * j* w i :s & m t ^ ^ a a a & n o » a t- & 5 , <&',z.^i%® 

6 * <£> £f 4r ffl ^ T ^ 4 k» -e , * if ffi ^ 3 K j5 s * ifS ft » ± jft ^ a a m T- fe 

£3 it is ^ % * -r 5 m m n m m # ± t < . 1 x 1 0 1 8 /cm 3 « ± 

i: 4 o X '(> 5 , fift$S-f vay FiS!:bfcoX 1 x 1 0 0 acm*iStSV\ 50 
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[ 0 0 5 3 ] 

it tt m 2 ( * 3 ) tt , ^3HB»Jc/<^s?^A4riR-&U**»ofcJ»*-(?fc5. £ fc 5 * £6 M 

f*3 T- $> 5 a* , ^ A #5 £3 c? ;}T, T V N t^C V ■> fc & , Si^iil x 1 0 3 Q c m * x% X' h '0 
. Jfctt#Jll-it^3tia5^«Sis£-ettS>5k<£>©, I^JhSiSv^i/^/HifilotV^i 

[ 0 0 5 4 ] 

it tt m 3 ( * 4 ) Ht , Jf-*JK»K:'<'*-5?9A«:a<ft-tt-r. * , ^^tliSSS:®TJ-ii-5 

oTl XI 0° Q c m^iifiV^, 
[ 0 0 5 5 ] 

im i ] 



* l HS£#iJ l 













1.65X10 16 atom/cm 3 


3.99X10 15 /cm 3 


3.21X10 n Qcm i 




2.58X10 16 atom/cm 3 


8.07 X 10 15 /cm 3 


3.59X10 n Qcm ! 


Tift 


3.24X10 16 atom/cm 3 


L87X10 16 /cm 3 


1.19X10 10 Qcm 



20 



[ 0 0 5 6 ] 

im 2 ] 

^2 ifcWJi 











-has 


5.95X10 17 atom/cm 3 


3.80XlO l5 /cm 3 


9.54XlO _l Qcm 




7.22 X 10 17 atom/cm 3 


8.06XlO l5 /cm 3 


l.lOXlO^Qcm 




2.40 X 10 ,8 atom/cm 3 


9.97XlO I5 /cm 3 


4.36X10" 2 Qcm 



30 



[ 0 0 5 7 ] 
3 ] 

^3 Jfc«S0»j2 













l.24XlO l6 atom/cm 3 


5.0XlO l Vcm 3 ^fi 


5.72Xl0 2 Qcm 




2.l9XlO l6 atom/cm 3 


5.0Xl0'Vcm 3 *il 


3.58 X l0 2 Qcm 


"FSB 


2.73X10 I6 atom/cm 3 


5.0 X I0 l4 /cm 3 ^m 


2.17X10 2 Qcm 



40 

[ 0 0 5 8 ] 
[^ 4 ] 

3t4 itWJ3 













5.75 X I0 l7 atom/cm 3 


5.0XlO I4 /cm 3 *?i 


l.02XlO~'Qcm 




6.83XlO l7 atom/cm 3 


5.0XlO I4 /cm 3 *fi 


SJSXlO^Qcm 




2.46XlO ,8 atom/cm 3 


5.0XlO l4 /cm 3 *?S 


4.24Xl0" 2 Qcm 



50 
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[ 0 0 5 9 ] 

( m m, m 2 ) 

5. it, mi <om& & kftmmn&&< mf&zm^xm® wm<nnitmm& n <?tz. m 

BWt-k 3 t24Sr7i//F 7 T-^I Ltrligf 5 o^gi;^l L, ^^^wfttSSrl 
. 0X10" 4 Pa^iiflSft^Lfci, S3g»«Sr«l!tt*!* t ?>!7-^3>f^8ll« 
ei: £ & L . ^eSitia ii^aSS: 2 5 0 0 °C * f ± !f fc. &S ft & S B* Ftfl S* 2 0 B$ Pfl T & 5 
. * © gCS^iSSll 1 £ U $ * T . & ft <D gUJE !i , gSftfeiff f fc 
5 1. 3X10" 2 PaJ:»>ffi^ffias«fc«P£*vfc. n ft S T ^ , JSR»#ia3i:S4*r 

^Sttif7S:JE8LfcSS^p-7 r #?^^l'3-erl5^f 5 i illftiJtlJL, *tf 10 
^Sr±^!-Ssg-fr-fl-^ftfifeftW*{tS:tTofc. fgl 1 t It, P|5 0 m m co (0 0 
0 1) S&*L7t6Hl£-#y*^;/-e«jjSc$ix*:S i C*8i-7x/N^l4©rtH:Si 

3 IE ?E ft L . /< -T 5? £ A ft 4fc fi , ^'t^^ Agf ^lT?#iIWtOSfiiS#0. 

0 3 2 %iife5fi^S^Lfc. lB**«:*«Lfciff*«:aE4T?HC.. Stf-M^^VSWF*) 
flil:^St, &o^ , n-fr^t»grftJ5KftSrfTofc. ^^tfOrtttSrl. 0 x l 0 ~ 4 Pa* 
8»*-CJtS#«tbfc«, «« 9 9. 9 9 9 9 %«_h©i6ijf3e*Ar#;*£ffiAL, ^ 3t If ft 
E7jSr^fiff7JT?*5 1 . 3x l o 3 P a f>, !7 — ^=-f/W8(C®Sft«r^L, 
IlSttJSia* Sr 2 4O0tiT-i#$*fc. Jft 2 0 Bf PpB ft & ft . r co HI co 
tttap fc 3<DMS^)iaiil4. 5~15. 5t/cmf, ^Si|glJ|!)0. 8mm/B#T-£>o 20 
tc, f ?)iXfc8f B fflPgli»5 2 mmf, ^^fiiemmgg-C&ofc,, 

[ 0 0 6 0 ] 

8i©^« liftiot, iisttiaj«fl:«iio^ift4riigt5 iftx-. m t& M 2 <Z> aunt & m 

. 88 * tt , ffl S£ U * IS «SJ 1 t <|l ^ 8; T- ft ^ \ lllSttfi7ppmT-fcofc, 
[ 0 0 6 1 ] 

5, ife5#yN/i!6Hf*5S IC#8iii)*jH,ft:iS:iBTSfc. /& ft SS£ fl. 
<D ± gp , SB , T S3 (^r Jv^iiligiW^ftPB^ffi^ t>©iffit', 1 2mm, 8mm. 4 
mm) tffiSti (000 1) I t ^ h © i^fi Sr t f ^ x ^ ^ 3 « L , * Wi 30 

[ 0 0 6 2 ] 

■mmm 2 (m 5 ) ogf a ©s<f ^a^(Jitt-fc 9 , JFMftfiiw: n^x-feofc. tt jg © 

M ft a ft ± 9 g 5g 91 « Ht * M ft »J igj $ ti , 8IHT, *t!lffltJF*fii»i8*«:9. 7 6x 

1 0 1 5 ~3. 0 lxl o 1 6 / cm 3 SfftTLT^S. — # , iia©»ft*lil x l 
0 1 0 Q c mK±tV^l5v^{l^f ?>^TV^. 

[ 0 0 6 3 1 
[* 5 ] 

*5 













9.76X10 15 atom/cm 3 


4.75X10 15 /cm 3 


4.12X10 12 Qcm 




1.26X10 16 atom/cm 3 


8.92X10 15 /cm 3 


6.60xlO n Qcm 


T95 


3.01 X 10 16 atom/cm 3 


1.97X10 ,6 /cm 3 


4.74Xl0 10 Qcm 



40 



[ 0 0 6 4 ] 

3!:o^tt, 8! 1 ©Sf&Sfefi^HSrffl'^TaSLfco iSS lilt, P g 1 0 0 m m 
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Si4©^ii:ft9#,tfc. g-mmn 2 » . * as «i 1 t ra « ^ . rnis^s i cgisst 

* ® & 4> co a M m & & 0 . 0 4 2 %i45itl*lfc. & v> x- . J® ft £ 3fc S3 V 1t W 13 3 

^.tr^A^fiSrfTofc,, ^cDrt^te&cOii^-efcS. Jf, ;&HW5<0|*5ffl5£:l. 0X1 
0 " : Pa*iHJ-eB^iSiL /c « , uS»«*^Jt*^5>!7-^=-r 8 !r '3 eS £ S3 L 

. *»#iaa«sreaft«i3aa«T?*>5i6ooic*-c±{ffc. r <o m , ^^^(d^^ee^ 

1 . 3 P aHiliiiLfciS, iS*£«f£Lfci;£. ^3Sff»rt«PflE**s«<b 
felE^T'fcS 1 . OxiO" 1 P a«Tl:45ST'S$j^^L, tff^^O^^E^S^^ 10 

* a a £ n *& t fc . iiftW7 2SBTj.ii, * © w . si:b^#s^ei n^i^ 

l«tf^HtiftS 9 9. 9 9 9 9 %BJ:0^if|gA r #^5;, Ef 9 Irii-lTA r 
ffi-7^7n-3> J, p - y i 0-CfiJ^)L^^P>ijfEA$*, ^^MJE^Sr^&JEE^T'&S 
1. 3X1 0 3 Pafcftt>fe4t&. UBttflSiaSSrlgSSffc?. 2 4 0 0 tifl#^ 

* , t<v'&&}2ommf$.mzm'.-ttz < , z<vm<vwwft<vm.&*)&tei4. 5 ~ 1 5 . 5 °c 

/ c m T? , fc-^mmitm 0 . 8 ~ 0 . 9mm/Stfcofc„ » ?> tl fc^ A © P g lli^ 1 0 
4mm T? , iS^lil SmmgftT'fcofc 
[ 0 0 6 5 ] 

,1$S©l?{ffi^5fe35:or, II^^J3co^{|;®atl^C*^o«ta^JSLfc|im±H-^co^*i® 20 

s sr , xmMf&&mm&x*®}fevrc. m & « , tfrse-ufc^tswi t ra « © # & -c 

tTV\ ^ 5?f & ^ !4 8 p p m V o tz „ 
[ 0 0 6 6 ] 

, ifc5#!)?-f ^#4HTfc5S i Clttii^ftLfcrittBftfe. fiK S tt S 
© _h SB , >f ft5 , T W *iafe*0rtftH»iB4»6 0El«-C, 1 2mm. 8mm, 4 

mm) *fl 3 5 (0 0 0 1) ffii*ir*h©fi#ffc*:W-*-***^*3t!fcfeSL. *M^J 

**'> + *«ljfc*fflffltt4;(*W»5j£teoVNT#W«:fTofc. <P i*i SB co # #f ^ 
[ 0 0 6 7 ] 

3 ( * 6 ) <D & ft o £ ft ^ ^ Mt g 5if T* fc 9 . JFMie^linf-efcofc. s( is =f 
y h <D * a m it iz & ^ x t8 1& <d & m i> ± $ < t£ Z> tz tb . &&fcmm& Vte^WtfoT* teft±-f 

zmmn&frmim-rztf. m m m 3 t- i± . ft; & a sc <t 9 © g * a ± m t- m m $ h . 

tSSi Lt, filfiS i Cf ^f a (0*IS^Mi'SS!J, 8 . 9 7xl 0 1 

5 ~ 3 . 54X10 1 6 / cm 3 t (SV^t-fc5, * ffi ^ #K v 5 ? i <t, > ffi F*9 

X'%^<Dm&£tf$LbtiZ>h<VCO^ ^i^^ST-lxlo 1 0 Q c mWlcOjav^iilSi 

[ 0 0 6 8 ] 40 
[* 6 ] 



» 
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3i6 imms 















1.76X10 16 atom/cm 3 


4.02X10 15 /cm 3 


3.11X10 1! Qcm 




8.63Xl0 ls atom/cm 3 


3.43X10 14 /cm 3 


7.00X10 9 Qcm 






2.52X10 l6 atom/cm 3 


8.22X10 15 /cm 3 


4.21 X10 u Gem 




4.14X10 l5 atom/cm 3 


2.80X10 14 /cm 3 


8.50X10 l0 Qcm 






3.54X10 16 atom/cm 3 


1.94X10 16 /cm 3 


1.24X10 10 Qcm 




3.33X10 l5 atom/cm 3 


3.60X10 ,5 /cm 3 


1.10X10 9 Qcm 



10 

[ 0 0 6 9 ] 

( m m m 4 > 

* I- > il^3 ^iO/nt^Ti!i|LTt S i C*8*>f V^y h i 9 , (0001) 
B^5>< 1 1 - 2 0 >*IrJ|C 4St7©iB*ttir 3 (rt5, P^100mm,/p£360M 
mOBi^x/>S:ffiLfe 0 lOiffi^ xA^Sii It, S i C(Oxk^Jrv/t/^S 
£ fr o 0 S i Cxt-^^i/f /uSISO^I^ttfj:, /&ft?&gl 5 0 0 e C, 9 V (S i 
H 4 ) , a > (C 3 H 8 ) % tK* ( H 2 ) O §f& fi , thftt5. 0x10" 9 m 3 
/sec. 3. 3xi0~ 9 m 3 /sec, 5. 0xl0" 5 m 3 /secT*feo*: 0 /£ 
ftEAtt*«Et Lfe, rt*«PlBW:2l*|B-e, ft 5 m m©B)?l:/Jfi Lfc, :Ht#6 

s i c t° * * v * /i- * m & M £ r t # m B £ fc . 

[ 0 0 7 0 ] 

( §H 00 5 ) 

£ <b K , £1 ttl 3 traWO^n-fe^-eSJigUfcgiJeoS i C^JIgft^V^y h i 5 , (0 0 
0 1) iv?^^ K^B^ffilrttS, a@10 0mm, f ^ 3 6 0 m (Oil ^ x /n Jrf^ 

Si o 5 o°c, Fy/f/^m (tmg) . r > ~ r (nh 3 ) , 9 > ( s i h 

4 ) ^^fi^ § . ^:tb^:H54xiO" 6 ^/W/min, 4 L / m i n , 22x10" 1 1 30 
^/v/mi nt'$)of: 0 «fEAf^5ffHfc 0 6 0 »B^/Jftl:± 9 , nllft^U 

* * - yt^mmmiz ± y mm i-tc t ^ , x^^in»oT#ti^s^ : e7t ^ ^» 

ft si o is ft; # y * a m t° * * > ^ m m & te & z ^ fc r ,t a* a |g T* # o 

[ 0 0 7 1 ] 

*7SrfflVNT*36W03»*S:BlWf-5. * 7 «: . BK ifi o * Jfi « l , lttt«l — 3 

^H^Il*lrgitfc*^P^^, *:h,fc#¥SfiTf£fflLfc»'fr<D8&*. It tt #J 1 fc 3 . X 
[ 0 0 7 2 ] 

im 7 ] 
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*7 mmoitwi 





1.0X10 atoms/cm kAx., 


5.0 X 10 14 atoms/cm 3 


1.0 X10 17 atoms/cm 3 


ft»*g#t*P>lxiO IO Qcm 


Mfe^<lxi0 3 Qcm 


1.0 X10 17 atoms/cm 3 J£X± 


fr«J£fci3i<lxi0 0 Qcm 


£WHgfit*<lX10°Qcm 



[ 0 0 7 3 ] 

W ± s& m L ± 5 1= . *»Hl:ihtf, S S St * T* S. o m A A R «> ft v> S i 

^©iltSitT, iS#«!?<©J:3es i C*8*Sr«at S r t * 5. 
[ D E o ffi HL 4 H& 93 1 

[12] O m 1 OOmmcoS i C^SK&^^/NO^W&e&^-rUffiT-fcS., 
[ ^ Si BH ] 



1 




i8fi (SiCl 


&n rfl ) 


2 








3 




mm 




4 








5 








6 




x fip # 




7 








8 








9 




£fc ffi A r # ^ gE 




1 


0 


-iS^SA r # ^ 


ffl X 7 o — 3 


1 


1 


-S3S#«S6B 




2 


1 


— P & 1 0 0 m m 


S i C¥fel^ 


2 


2 


^^■f' *fj£ (15) 


2 


3 


• *'NH2Z»G>#*fjfc (4 5) 
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[Hill 



lb 



1 o 

h 
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20-1 me *sfia**^aawi»56*ai5rt 

(72)«K# M3£ 

^^««!»Tt5fr$ 2 0-1 MB #M@*^£tt&fl?M31S#Sl5l*l 

T^JMWMaKtt 2 0-1 «r B *SifflB»a^ttSW5BaS*«iIrt 

=f9i»#* rtKWfc 2 0-1 *r H #®i£8«^£tt&fi?IJfi$S#SP(*) 
F* — A(##) 4G077 AA02 AB01 AB06 AB09 BE08 DA18 EA02 EA05 EB01 EB06 
EC02 EG25 FJ06 SA01 SA07 
5F045 AA03 AA04 AB06 AB14 AC01 AC08 AC12 AD14 AD18 AE29 
AF02 AF13 BB12 DA66 DA67 



